R E 

ED 020 397 

AUTOMATION--SOME 
REPRINT NO. 149. 
BY- SULTAN, F.E. 
CALIFORNIA UNIV. 

EDRS PRICE MF-$I 



O R T R 

CLASSIFICATION 

FRASOW, P. 

LOS ANGELES 

.25 HC-$1.32 



E S U M E 
AND MEASUREMENT 

PUB 

31F. 



S 

VT 004 970 
PROBLEMS. 

DATE 65 



DESCRIPTORS- ^i^AUTOMATION , TECHNOLOGICAL ADVANCEMENT, ^^RESEARCH 
PROBLEMS, «LABOR ECONOMICS, ECONOMIC RESEARCH, ECONOMIC 
*^ACT0RS, ’{(MEASUREMENT , LABOR MARKET, SCIENTIFIC CONCEPTS, 

THE PURPOSE OF THIS PAPER WAS TO REVIEW HOW “AUTOMATION" 
IS DEFINED, GIVING CONSIDERATION TO CONVENTIONAL USAGE OF THE 
TERM AND TO THOSE CONSIDERATIONS WHICH DETERMINE THE 
CONVENIENCE OR SUITABILITY FOR RESEARCH PURPOSES OF 
PARTICULAR CATEGORIES OF TECHNICAL CHANGE. AN UNDERLYING 
ASSUMPTION IS THAT THE ADJUSTMENT DEMANDS IMPOSED BY 
TECHNOLOGY CANNOT BE DELAYED UNTIL SUFFICIENT REFINEMENT OF 
research techniques ENABLES THE CONSEQUENCES OF AUTOMATION TO 
BE CLEARLY AND PRECISELY DEFINED. SINCE THE SIGNIFICANCE OF A 
TECHNICAL CHANGE IS LARGELY DETERMINED BY ITS "SPAN" OF 
APPLICATION, THE SIGNIFICANT CHANGE IS ONE LIKELY TO AFFECT 

the entire structure of the production process. TECHNICAL 

CHANGE MUST BE ANALYZED IN TERMS C*F THE FACTOR SAVINGS 
INVOLVED, THAT IS, IN TERMS OF ITS IMPACT ON UNIT CAPITAL AND 
LABOR REQUIREMENTS. THIS APPROACH W:*ULB REQUIRE MORE 
INFORMATION ABOUT THE QUANTITY, FORM DISTRIBUTION, AND COST 
OF CAPITAL. ALTHOUGH MEASURES OF MANPOWER, STATISTICALLY 
SPEAKING, ARE MORE ADEQUATE, MORE ATTENTION MUST BE GIVEN TO 
DIRECT LABOR-SAVING INDIRECT LABOR-USING IMPLICATIONS OF 
TECHNOLOGY. ATTENTION MUST ALSO BE GIVEN TO THE RESPONSES C»F 
THE MARKET TO AUTOMATION'S SPEED C»F PENETRATION. THE 
DIMENSIONS OF THE ECONOMIC IMf=ACT OF AUTOMATION WHICH CAN BE 
ANALYZED ARE CAPITAL AND LABOR SAVINGS, ALTERATIONS IN THE 
RATIO OF LABOR AND CAPITAL, RATE OF CHANGE OVER TIME FOR 
PER-UNIT CAPITAL AND LABOR REQUIREMENTS, AND THE CHANGES C^F 
THE DEGREE OF SUBSTITUTABILITY OF LABOR AND CAPITAL INVOLVED 
WITH THE TECHNOLOGY. THIS ARTICLE IS A REPRINT FROM "LABOUR 
AND AUTOMATION," BULLETIN NO. 1, 1964. SINGLE COPIES OF THIS 
DOCUMENT ARE AVAILABLE WITHOUT CHARGE FROM INSTITUTE OF 
INDUSTRIAL RELATIONS, UNIVERSITY OF CALIFORNIA, LOS ANGELES, 
CALIFORNIA 90024. (EM) 
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Automation : 
Some Classification and 
Measurement Problems 



** But how to define an elephant ? The man had the right idea who 
said: I cannot define an elephant but I know one when I see it.**^ 
After hearing over ISO expert witnesses, and collecting 3,933 pages 
of evidence and documents in 56 days of hearings, the Gark Committee 
on Manpower Policy of the United States Senate observed: 



This lack of understanding [of the impact of technological change] stems 
from a confusion of tongues — ^a failure to define terms and a tendency to lump 
all technological developments under one increasingly meaningless term: 
automation. A paucity of statistical data and a tenden<^ to ignore that wMch 
does not square with cherished preconceptions is also to some extent respon- 
sible. A final element has been die natural tendenqr of every expert to examine 
only his own part of the elephant.* * 

The conceptual confusion surrounding the word ** automation ** is 
such that it is used to characterise technology as both an evolutionary 



^Joan Robinson: Economic Philosophy (Haimondswoith, Middlesex, Penguin 
Books, 1964), p. 8. 

* United States Senate, 88th Congress, Second Session: Toward Full Employment : 
Proposals for a Comprehensive Employment and Manpower Policy in the United States, 
A Report Together with Minority and Individual Views Prepared by the Subcommittee 
on Employment and Manpower of the Committee on Labor and Public Welfare 
(Washington, Government Printing Q£5oe, 1964), p. IS. 
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and a revolutionary process, to describe the novelty of arrangements that 
link one machine with another, and to denote the unusual capabilities of 
engineering forms, particularly those that improve upon the contributions 
otherwise made by labour. In brief, it is used to describe almost every 
economic change that might be contemplated, including changes in plant 
layout, product design, job design and methods for quality control. 
Because this label has been applied so indiscriminately, because we have 
not yet been able to fashion a classification system appropriate for the 
analysis of the myriad forms that technical change is now assuming, and 
because we have not yet developed theoretical models that can allow in 
full for the consequences of these varying engineering forms, there exists 
a feeling that the subject has become a stalking-horse for the pam- 
phleteer or polemicist. 

The absence of rigour or analytical discipline in much of the research 
on automation must not, however, be attributed to intellectual softness 
on the part of those concerned, but rather to the practical hardness of 
the problems of analysis that technology poses. This is borne out by 
the evolution of economic analysis in the first half of this century. 
Neo-classical analysis, in its simplicity and elegance, assumed a ** given ” 
form of technology. When the dynamics of time was introduced into 
such analysis, order was preserved by admitting changes in the amount 
of capital, but seldom changes in its form. Capital theory flourished, 
while technology theory was largely ignored. There were some isolated 
exceptions: the impact of technical change played a major role in the 
analysis offered by Schumpeter^, but it was quickly observed that his 
analysis was ** non-theoretical ”. Technology emerged, too, in the 
sporadic discussion of the appropriate classification system for innova- 
tion, and of definitions that would most clearly explain effects on capital’s 
and labour’s shares.^ And technology was the variable that American 
institutionalists felt was neglected in ** marginal ” (viz. neo-classical) 
analysis. But because the institutionalists were unable to fashion a 
theoretical system of their own that would give a central position to 
technology, they were held to abhor rigour in analysis, or perhaps more 
charitably, to believe that unstructured analysis of markets **as they 
are” is preferable to rigorous analysis of markets as they are not. 



^ Capitalism, Socialism and Democracy (New York, Harper & Brothers, 1942), 
pp. 131-134. 

*See, for example, Joan Robinson: “The Classification of Inventions**, in 
Review of Economic Studies, Vol. V (1937-38), pp. 139-142; Oscar Lange: “ A Note 
on Innovations ”, in Review of Economic Statistics, Vol. XXV (1943), pp. 19-25; 
J. R. Hicks: The Theory of Wages (London, Macmillan & Company, 1^3, second 
edition), pp. 114-135. 
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As American economists debated the relative merits of realism and 
rigour, studies of the impact of technology at the macro level found 
a forum in anthropological analysis, at the micro level in industrial 
sociology. 

In recent years, however, economists have become increasingly 
interested in technology, as reflected in developmental economics and 
growth models, as the suspicion grows that the quality of both capital 
and labour inputs may be more important determinants of output than 
their quantities, and as innovations in economic methodology (such as 
input-output analysis and data-processing techniques) widen the scope 
for more elaborate theories and improve prospects for empirical verifica- 
tion, »^It remains true, however, that the classification systems of techno- 
logy, as well as measurement procedures for technical change, and 
even the collection of data on forms of technology remain to this day 
largely undeveloped. Further work at this level will permit more 
rigorous research, which in turn can give its appropriate role to the 
dynamics of technical change that much of economic analysis still lacks. 
But meanwhile many economists still prefer to leave aside the issue of 
innovation, feeling that the only alternative to production and distribu- 
tion theory built on stable production functions is the utter confusion 
so much in evidence in the existing literature of automation. 

|>riie purpose of this paper is to review how automation is defined, 
giving consideration to conventional usage of the term and to those 
considerations which determine the convenience or suitability for 
research purposes of particular categories of technical change. After 
viewing the applications of the term “ automation ”, can we locate the 
common elements in that usage ? How does automation differ from 
technical change and mechanisation? What problems do we face 
when we employ ” technical change ” (however defined) as a springboard 
for empirical research ? While we do not presume to resolve the problem 
of definition, the point will be stressed that systems of definition are 
inextricably related to research methodology and, equally, to the kind 
of problem being analysed, w' It will be further contended that the 
significance of automation cannot be assessed in terms of its engineering 
characteristics alone. Indeed, the market setting in which the change 
occurs is probably a much more significant determinant of its impact 
than its engineering character. And the capacity of a particular sector 
to digest particular forms of technology depends in large part on their 
rate of diffusion in that sector, i^he forces accelerating the tempo of 
research and inn ovation activity will be delineated. *'^he definitions of 
technical change lending themselves best to economic analysis will then 
be indicated, and a few operational 6r research problems which such 
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definitions imply briefly touched on. ^The final question considered is 
whether it is more appropriate to launch research, not by categories of 
technology, but by ranges of productivity change. 

The discussion that follows is based on the'^ssumption that our 
understanding of technical changes, like our understanding of any other 
issue, requires that we progress from the vague to the definite; beyond 
the adjustment demands imposed by technology cannot be delayed 
until such time as a sufficient refinement of research techniques enables 
the consequences of automation to be clearly and precisely defined. 



Automation in Popular Usage 

Many efforts have been made to distinguish automation from other 
foims of technical change. One group sees it essentially in terms of 
organisation, and the other in terms of the engineering characteristics 
of automated equipment 

Those who see automation as an organisational revolution stress the 
novelties of production planning and product design that mechanisation 
now allows. The essential element in automation is the rationalisation 
of the entire production process. Each stage, from raw materials to the 
final product, is carefully designed. The plant’s organisational chart 
must be redrawn to integrate purchasing, production, quality control, 
distribution and marketing activities. Even the end-product may be 
redesigned to optimise the use of production facilities. 

Can it be said, then, that automation is simply a new word to describe 
an ** old ” process, a resurgence of interest in what can be accomplished 
by thoughtful and scientific planning of production, reminiscent of 
F. W. Taylor and scientific management ? If we have here a revolution 
of technique, can it be attributed simply to the increased ingenuity of 
man in p lanning production efficiently ? D. J. Davis implies as much^: 

Automation is the result of nothing more than beUer planning, improved 
tooling, and the application of more efficient manufacturing methods which 
fiffi advantage of ffie progress made by the machine tool and equipment 
indUfitries.^ 

To identify automation with production planning fails to bring out 
the drama usually associated with it. This less striking device for improv- 
ing efficiency may, nevertheless, be significant. For example Drucker 
has contended that innovations in industrial engineering, human relations 



' “ Automation in the Automotive hiduttiy ”, in Automation and Society, edited 
by Howard Boone Jacobson and Joseph S. Roucex (New York, Philosophical 
Lilnary, 1959), p. tiO. 
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and personnel techniques, and the development of other management 
tools involving inventory controls, cost accounting and so on — this 
entire range of “ non-technical innovation ” — have been much more 
significant in raising American productivity than all “technical” in- 
novations.1 In 1946 the word “ automation ” was first proposed by 
D. S. Harder in the production-planning sense, as “ . . . the automatic 
handling of parts between progressive production processes But the 
integration of production activity, such as Harder describes, with 
distribution and marketing functions can have significant implications. 
First, and most obvious, the linkage of the production process efters 
the opportunity for drastic curtailment of materials handling. Second, 
production emerges as a “ flow ” rather than a “ batch ” process. When 
such integration allows for an increasing speed of output (as is usually 
the case), substantial (but not always apparent) capital economies may 
emerge. 

John Diebold is one who champions the view of automation in this 
broader sense, labelling it a new approach to production: 

It is no longer necessary to think in terms of individual machines, or even 
in terms of groups of machines; instead, for the first time, it is practical to look 
at an entire production or information handling process as an integrated system 
and not a series of individual steps. . . . Automation is more than a series of 
new machines and more basic than any particular hardware. It is a way of 
thinking as much as it is a way of doing.’ 

Similarly, Peter F. Drucker observes: 

Automation is a concept of the organisation of work. It is therefore as 
applicable to the organisation of distribution or of clerical work as to that of 
industrial production.’ 

The flow of production that such planning allows is an element 
emphasised in many definitions of automation: 

. . . automation means continuous automatic production, linking toother 
more than one already mechanised operation with the product automatically 
transferred between two or among several operations. Automation is thus a 
way of work based upon the concept of production as a continuous flow, rather 



‘ Peter F. Drucker: “ The Coming Labor Shortage ”, in America's Next Twenty 
Years (New York, Harper & Row, 1957). 

*As noted by L. Landon Goodman: Man and Automation (London, Unwin 
Brothers, 1957), p. 24. 

•Congress of the United States, 86th Congress, Second Session: “Bringing 
Automation Up to Date”, in New Views on Automation^ Vzpta Submitted to the 
Subcommittee on Automation and Energy Resources, Joint Economic Committee 
(Washington, Govemmoit Printing Office, 1960), pp. 83, 84 and 91. 

* The Practice of Management (New York, Harper & Row, 1954), p. 19. 
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than processing by intermittent batches of work. (Herbert R. Northrup, Pro- 
fessor of Economics, University of Pennsylvania.)^ 

Automated production makes it possible, with the help of machinery, to 
ensure a continuous manufacturing process, untouched by human hands, but 
under human supervision. ITiis is a revolutionary change, not only in tech- 
niques, but also in technology and the organisation of the manufacturing pro- 
cess. (K. Klimenko, of the Acadeniy of Sciences of the U.S.S.R., and M. 
Rakovsky, Deputy Minister, Automation Tools and Equipment Industries.)’ 

The essence of the automation concept and programme is that it inte- 
grates the several parts of a complex total process so that its successive or 
related steps shall mesh smoothly together without conflict, lost motion, or 
lost time. (Edwin G. Nourse, former Chairman of the Council of Economic 
Advisers* *)^ 

Automation can be defined as continuous automatic production, largely 
in the sense of linking together already highly mechanised individual operations. 
A utomation is a way of work based on ^e conception of production as a con- 
tinuous flow, rather than processing by intermittent batches of work. (Ralph 
h Cordiner, Chairman of the Board of the General Electric Company.) * 

A second and more common emphasis in definitions of automation 
is placed on the performance characteristics of the technology itself. 
Such considerations stress (a) the range of sensory capacities now 
mechanised; (b) the role of instrumentation in closed-loop control sys- 
tems, and (c) the integration of information technology (viz, computers) 
with production technology. 

Definitions often stress the range of sensory capacities now mechanised ; 

[Automation] contemplates the wholesale reproduction of the smsory and 
mental functions of human operators in production systems which go far 
beyond the fixed sequence-fixed operation variety of automatic production. 
(Jstek Rogers*) ^ 

Automating control (and its auxiliary, impection) means replying man's 
sensory organs and brains by machines, while automating material handling 
means supplanting his muscles. (Paul T. Veilette, Connecticut Department of 
Motor VeUcles.) ’ 

' Automation includes the mechanisation of more direct labour activities . . . 
material movements . . . control activity . . . testing and inspection activities . . . 
and the mechanisation of data processing throu^ the computer. (James R. 
Bright, Harvard University.) ’ 



’Industrial Relations Research Association: "Automation: Effects on Labor 
Force, Skills and ^ployment ", in AmmU Proceedings (1958), pp. 35-36. 

* " The Technological and Economic Problems of Automation in the U.S.S.R. ", 
in Automation and Society, op. cit., p. 417. 

* ** What's New About Automation? ", ibid., p. 201. 

* Automation in the Manufacturing Industries ", ibid., p. 19. 

* Automation: Technology's New Face (University of California, Institute of 
Industrie Relations, 1958), p. 7. 

^ ** The Rise of the Concept of Automation ", in Automation and Society, op. 
ciL, p. 7. 

* Geoige W. Taylor and Edwa-d B. Sinus (edited by): Industrial Relations in the 
I960's : Problems and Prospects (Feb. 1961). See also James R. Bright: Automathn 
and Management (Harvard University, Graduate School of Business Administration, 

1958), pp. 3-21. 
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